A concrete liner emplaced in 1984 in a shaft at the Waste Isolation Pilot Plant has served as a natural laboratory for observing interactions among concrete, evaporite rocks, and brine. During a routine inspection of the liner in the spring of 1990, discoloration, deposition of secondary salts, wet areas with exposed aggregate grains, softening of paste, surficial spalling, and cracking were observed locally on the concrete surface of the liner. Some construction joints showed apparent leakage of brine from behind the liner, which was nominally 50 cm thick. Seepage brines were nearly saturated relative to CaC12 and contained lesser amounts of MgC12 and KCl, and minor NaCL The liner surface was locally altered to a 1-2 cm friable hygroscopic layer containing little cement paste; concrete cores (7 or 10 cm diameter) through the liner at depths of 248, 254, 255, and 271 m showed similar degrees of alteration at the liner/rock interface. The most profound alteration of concrete was developed in a -7 cm zone subparallel to and straddling the construction joint cored at a depth of -254.5 m. This zone was extensively microfractured, transected aggregate grains, and contained brucite, gypsum, magnesium hydroxychloride hydrate, and locally calcium chloroaluminate instead of the usual phases of hydrated portland cement. Several mechanisms of chemical degradation have been proposed, the most likely being attack by magnesium ions.
INTRODUCTION

Background
placing the concrete at the bottom of the liner and placing the concrete at the top of the key. In addition, the concrete at the top of the key was placed underneath the previously placed liner. Figure 1 shows the approximate configuration of the shaft liner (not to scale). 
Materials in the Shaft Liner
The aggregate was dolomite, required to conform to ASTM C 33 and was supplied from local commercial quarry operations in the Carlsbad, New Mexico area.
The cement was required to conform to ASTM C 150 '
Type V. This concrete formulation can be described generally as a mixture of low-alumina cement, a pozzolan (Class C fly ash substituting for 18% .... apparently was a flow-path for brine, was studied in more detail.
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Phase changes accompanying the deterioration were determined by X-ray diffraction (XRD), scanning electron microscopy (SEM), and energy-dispersive Xray spectrometry (EDX). Table I gives the secondary phases observed in the deteriorated layers and secondary deposits.
Brine Samples
Two samples of brine were obtained for analysis, one from a seep issuing from the cold joint and one from a collector ring installed at the bottom of the shaft liner. afield sample identification is derived from the depth, in feet, followed by the azimuth relative to magnetic north. 
RESULTS AND DISCUSSION
Source of Seepage Brine
A comparison of the solute data in Table II Table   II ), although this zone is the nearest source of natural fluid. The similarities in K/Mg ratios between the seepage brines and those from the Rustler/Salado contact suggest that the former were derived from the latter, with modification due to the leaching of Ca from the shaft-liner concrete. Such a mechanism, however, requires a large decrease in Na; although ionic exchange of Na for Ca is in principle possible, we are not presently able to propose a detailed description of such a process.
Nature of Concrete Degradation
The core through the cold joint at 254. Table III .
Intact paste in zones T and Z (Table III) Zr---....
TRl-6346-262-0 Figure 2 . Cross section of core through cold joint (254.5 m depth); core cross-section is 7.5 cm. Zonation is described in Table III. 8 
MECHANISMS OF CONCRETE DETERIORATION
The formation of chloroaluminate [4, 5] . However, the most profound changes in the concrete system are the disappearance of calcium silicate hydrate, and the appearance of magnesium phases on exposed surfaces and in cracks, both in paste and aggregate, exemplified by magnesium chloride hydroxide hydrate and brucite; the former is reminiscent of Sorel cement [6] .
The only remaining calcium phase in the grouted zone (V), inferred to have been originally cementitious, is gypsum. The destruction of calcium silicates may have released silica gel, which reacted with brucite to form magnesium silicate hydrate, the ultimate product of magnesium attack [7] ; this phase is difficult to identify conclusively by XRD and EDX.
The paste within the deteriorated concrete contains calcium sulfates and carbonates instead of the calcium silicates typical of cementitious systems, suggesting that attack of the concrete by magnesium in the seepage brine (21000 mg/l; Table II) is an important mechanism of concrete deterioration, analogous to findings in experimental systems [8] . We infer that the secondary growth of magnesium chloride hydroxide hydrate and brucite in the dolomite aggregate grains, representing Mg-addition and/or Ca-loss, has resulted from this same attack.
